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(57) ABSTRACT

A measuring probe for potentiometric measurements has a
housing (2) formed of an electrically imnsulating material that
encloses at least one hollow space (8, 10) containing a
half-cell element defining a first electrode. At least one
additional electrode (12) 1s provided on a portion (4) of the
housing adapted for immersion in a measuring solution (6)
and 1s connected to a contact terminal (K3) that 1s arranged
outside of the immersible portion (4). Each additional elec-
trode (12) 1s defined by an electrically conductive coating
(14) applied to the outside of the housing (2).

29 Claims, 3 Drawing Sheets
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MEASURING PROBE FOR
POTENTIOMETRIC MEASUREMENTS

TECHNICAL FIELD

The mvention relates to a measuring probe as well as to
a device for performing potentiometric measurements and a

method of monitoring a measuring probe for potentiometric
measurements.

BACKGROUND OF THE ART

A measuring probe of the same generic type as the present
invention 1s described 1in U.S. Pat. No. 6,894,502 B2, 1ssued
to Feng, et al., specifically FIG. 1 therein and in the
assessment of the prior art. The practice of equipping
potentiometric measuring probes with an external pin-
shaped additional electrode (referred to as a “solution
ground” 1n English terminology) serves, among other func-
tions, to diagnose the condition of the sensor, for example to
measure and monitor the resistance of a diaphragm or a glass
membrane. Furthermore, a measuring solution or process
solution 1n which the measuring probe 1s immersed can be
set at ground potential or another defined potential by means
ol an additional electrode.

It 1s a disadvantage of the known state-oi-the-art measur-
ing probes that the additional pin-shaped electrode which 1s
arranged at the bottom part of the housing requires an
expensive fastening process in the course of the production
process of the probes, for example by fusing the additional
clectrode 1nto the housing. Furthermore, the type of addi-
tional electrode that 1s known from the existing state of the
art, where the additional electrode protrudes from the hous-
ing, 1s configured as a mechanically exposed component of
the measuring probe, requiring additional space and also
having a tendency to get damaged.

The task set for the present invention 1s to 1mprove a
measuring probe of the same general kind as the probes
described above, 1 particular by avoiding their disadvan-
tages. A further objective of the mvention 1s to propose an
improved device for performing potentiometric measure-
ments. The imnvention further has the objective to provide an
improved method of monitoring a measuring probe.

SUMMARY OF THE INVENTION

The foregoing tasks are solved by the measuring probe as
defined in the appended claims, the device also defined
therein, and the method defined therein.

The measuring probe according to the mmvention has a
housing that 1s formed of an electrically insulating material
and has at least one hollow space containing a half-cell
clement. The measuring probe further has at least one
additional electrode that 1s arranged on an immersible hous-
ing portion designed to be immersed in a measuring- or
process solution. The additional electrode 1s connected to a
contact terminal that 1s arranged 1n a place on the measuring
probe outside of the immersible portion. By configuring the
additional electrode as an electrically conductive coating
applied to the outside of the housing, one obtains a compact
design of the measuring probe without protruding or other-
wise exposed components. In addition, the process of apply-
ing the additional electrode can be performed with coating
techniques that are well under control, are tried and proven,
suitable for large-scale production, and will therefore lastly
also provide a cost advantage.
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The mventive device for performing potentiometric mea-
surements includes a measuring probe according to the
invention as well as a measurement converter that can be
connected to each half-cell element of the measuring probe
as well as to the electrical contact terminal of each additional
clectrode. The measurement converter further has means for
setting a defined potential at an additional electrode and/or
means for determining a characteristic electrical quantity
that exists between an additional electrode and another part
of the device. Accordingly, when the measuring probe is
immersed 1n a measuring- or process solution, the device can
on the one hand be used to set the solution at ground
potential, or to set 1t at the aforementioned defined potential.
On the other hand, 1t can be used to determine different kinds
ol characteristic quantities that exist between the coating and
another part of the device. This includes not only charac-
teristic quantities for diagnosing the condition of the sensor,
in particular diaphragm resistances and membrane resis-
tances, but also measurements of, e.g., redox potentials,
provided that the measuring probe includes a half-cell
clement that 1s usable as a reference electrode.

Advantageous embodiments of the invention are defined
in the dependent claims.

The connection between the coating and the associated
clectrical contact terminal can be realized in different ways,
for example as a clamped connection. However, an advan-
tageous solution 1s to use a solder connection between the
contact terminal and the coating, which represents a simple,
cost-eflective and reliable kind of electrical contact.

In principle, a number of different geometrical shapes
could be considered for the coating. The latter can 1n
particular be configured as a coating strip 1n the lengthwise
direction of the housing, or running like a ring around the
housing. In an exemplary embodiment, the coating sur-
rounds substantially the entire housing and thereby consti-
tutes an eflective electrical screen for the measuring probe.
Of course some individual parts of the measuring probe
housing have to remain uncoated for functional reasons.
Specifically the diaphragm of a reference electrode and the
glass membrane of a pH electrode need to be kept free of the
coating. It 1s possible to configure the coating as a raster-like
pattern which, 1n spite of the perforations, provides an
cllective electrical screen 1n the manner of a Faraday cage.
The latter configuration 1s used to particular advantage 1n
industrial applications where there 1s electromagnetic inter-
ference, because the electrical screen prevents the occur-
rence of spurious signals and improves the stability of the
measuring signal. As a further benefit, the comparatively
large surface of the additional electrode also allows the
measurement ol large resistances, which represents a con-
siderable advantage particularly for the diagnosis of the
sensor condition.

While electrically conductive coatings above a certain
thickness necessarily have no transparency, it 1s possible to
preserve a certain level of transparency 1f the coating thick-
ness 1s kept comparatively small. Keeping the coating trans-
parent has the significant advantage that the interior of the
measuring probe remains visible, even in the aforemen-
tioned case where the coating extends completely around the
probe, as 1t will be unnecessary to provide an inspection
window in the coating. The visual 1nspection of the interior
of the probe 1s important 1n many types of probes in order
to determine the condition of the electrodes, for example in
reference electrodes that are filled with a saturated electro-
lyte.

Although different kinds of electrically insulating mate-
rials can be considered for the housing, it 1s of advantage 1t
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the housing 1s formed of glass, i particular because the
deposition of the additional electrode can be accomplished
with well known coating methods.

The coating 1s preferably applied by means of a deposi-
tion from the gaseous phase, a technology that includes in
particular the techniques known as physical vapor deposi-
tion (PVD) and chemical vapor deposition (CVD). Besides,
the use of deposition methods of this kind 1s not limited to
glass housings.

The choice for the coating includes a variety of materials
that are generally known as electrode matenals. It 1s par-
ticularly advantageous 1f the coating 1s made of platinum.
Platinum 1s well suited for soldering, 1t has an excellent
ability to stand up to chemical, thermal and mechanical
conditions, and 1t 1s furthermore suitable for the measure-
ment of redox potentials. On the other hand, if the probe 1s

to be used for the determination of metal 10n concentrations,
a coating of the respective metal 1s required.

In an advantageous embodiment of the measuring probe,
an adhesion-enhancing layer 1s put between the housing and
the coating, whereby an undesirable detachment of the
coating can be avoided.

Among other criteria, the choice of material for the
adhesion-enhancing layer also depends on the coating, with
a selection to be made between titanium, chromium molyb-
denum, tantalum or tungsten. In some cases, gold or palla-
dium may be added to the adhesion-enhancing layer. Tita-
nium 1s a particularly preferred choice for the adhesion-
providing interface between glass and platinum, because
titanium 1s considered risk-free for applications 1n biotech-
nology.

The kind of half-cell element that 1s used 1n the measuring
probe depends on the itended application. The half-cell
clement can in particular be configured as a measuring
clectrode, for example as a glass electrode for pH measure-
ments or as an 1on-sensitive ISFET sensor. The half-cell
clement can further be configured as a reference electrode.
As a further possibility, the measuring probe can be config-
ured as a single-rod measuring chain, containing for
example a pH electrode together with a reference electrode.

In a preferred further developed embodiment of the
measuring probe, the latter 1s designed 1n particular for the
determination of the electrical conductivity in a measuring
medium. To perform this function, the measuring probe has
two additional electrodes that are arranged in different parts
of the immersible portion of the probe. The additional
clectrodes are connected to respective contact terminals, and
the distance between the additional electrodes defines a
measuring length for the measurement of the electrical
resistance or the electrical conductivity.

A method of monitoring a measuring probe for potentio-
metric measurements mvolves the use of a measuring probe
and a measurement converter, wherein the measuring probe
includes a housing formed of electrically insulating material
with at least one cavity containing a half-cell element and
with at least one additional electrode constituted by an
clectrically conductive coating that 1s applied to the outside
of the housing. The additional electrode 1s arranged on an
immersible portion of the housing which i1s designed for
immersion in a measuring solution. An electrical contact
terminal 1s arranged outside of the immersible portion and
connected to the additional electrode. The measurement
converter 1s connected to each of the half-cell elements of
the measuring probe and also to the electrical contact
terminal of each additional electrode. The method 1s distin-
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4

guished by the fact that a characteristic electrical quantity 1s
measured between an additional electrode and another part
of the device.

The measurement converter can in particular have the
capability to set the additional electrode at a defined elec-
trical potential.

By contacting the approprnate terminals of the measure-
ment converter, 1t 1s possible to perform a resistance mea-
surement between the contact terminal of the reference
clectrode and a contact terminal of the additional electrode
for the purpose of determining the diaphragm resistance. As
a further possibility, a resistance measurement can be made
between the contact terminal of the measuring electrode and
the contact terminal of the additional electrode for the
purpose of determining the resistance of the glass mem-
brane.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are described hereinafter in
more detail with reference to the drawings, wherein:

FIG. 1 represents a lengthwise sectional view of a mea-
suring probe that 1s configured as a single-rod measuring
chain;

FIG. 2 represents a side view ol a measuring probe that 1s
equipped with a raster-like additional electrode; and

FIG. 3 represents a side view of a measuring probe that 1s
equipped with two additional electrodes.

DETAILED DESCRIPTION OF A PR
EMBODIMENT

(L.
=T

ERRED

Identical features 1n the different figures have the same
reference symbols. The thickness of the coatings 1in some
parts of the drawings 1s strongly exaggerated for the sake of
clanty.

The measuring probe shown in FIG. 1 has a tubular
housing 2 of glass or polymer whose lower end 4 1s
immersed 1 a measuring medium 6. The probe housing 2
encloses a central chamber 8 as well as a ring chamber 10
that 1s arranged concentrically around the central chamber 8.
The central chamber 8 contains a first half-cell element
configured as a glass electrode, while a second half-cell
clement configured as a reference electrode 1s accommo-
dated in the ring chamber 10. The ring chamber 10 carries
an electrically conductive coating 14 on the outside, which
functions as an additional electrode 12.

The arrangement of the two hali-cell elements 1s known
in principle and will be described below only for the purpose
of explaining the entire measuring probe.

The protruding lower end of the central chamber 8 1s
configured as a convexly rounded glass membrane 16 that 1s
made of a so-called pH glass. Furthermore, the central
chamber 8 contains an inner bufler solution 18, for example
an aqueous acetic acid and acetate builer solution containing
potassium chloride, 1n which a first conductor element 20 1s
immersed, for example a silver wire. The latter passes
through a fused header 22 (not shown 1n detail) at the upper
end of the central chamber 8 to a measuring contact terminal
K1.

The terms “upper” and “lower” in the present context
relate to portions ol a measuring probe that 1s immersed in
a measuring medium, where the measuring probe 1s oriented
approximately perpendicular to the surface of the measuring
medium, as shown for example 1 FIG. 1. With a different
position of the measuring probe, the terms “upper” and
“lower” should be adapted accordingly.
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In the immersed area 4, the ring chamber 10 has a
diaphragm 24 1n the shape of a circular disk, and there 1s a
refill opening 26 1n the uppermost portion. The ring chamber
10 furthermore contains a reference electrolyte solution 28,
for example a saturated potassium chloride solution, 1n
which a silver wire with a coating layer of silver chloride 1s
immersed, serving as a second conductor element 30. The
latter passes through an upper closure part 32 of the ring
chamber 10 to the outside where 1t ends 1n a reference
contact terminal K2.

The electrically conductive coating 14 1n the illustrated
example covers substantially the entire exterior wall surface
of the ring chamber 10, but leaves the diaphragm 24 as well
as the refill opening 26 uncovered. The uppermost part of the
coating 14 1s connected to an additional contact terminal K3,
the latter being advantageously soldered to the coating 14.

It should be understood that other configurations are
possible besides the measuring probe shown in the drawing.
Specifically, an electrically conductive coating which func-
tions as an additional electrode could be applied to an
individual half cell, for example to a glass electrode or to a
reference electrode, 1nstead of a single-rod measuring chain.

Furthermore, the 1llustrated arrangement can be modified
in numerous ways. For example, the glass membrane can
have a different shape, such as a spherical membrane or a
needle membrane, and the diaphragm can be configured as
a ring diaphragm running in a circle. However, the reference
clectrode can also be designed as a gel electrode with an
open fluid passage, 1.e., without a diaphragm.

The measuring probe shown i FIG. 2 includes a pH
measuring probe with a housing 2a whose lower end 4 1s
immersed in a measuring medium 6. The sensor chamber
10qa that 1s formed by the housing 2a contains an inner builer
solution 18 1n which a silver wire 1s 1immersed which
functions as a conductor element 20. The latter passes
through an upper closure part (not shown in detail) of the
sensor chamber 10a to the outside, ending 1n a measuring
contact terminal K1. As shown 1n FIG. 2, the sensor probe
housing 2a 1s equipped with an additional electrode 12a that
1s constituted by a raster-like coating 14a with a large
number of small perforations 34. The coating 14a leaves a
lower portion of the immersed area 4 uncovered, but oth-
erwise surrounds substantially the entire probe housing 10a.
The uppermost part of the coating 14a 1s soldered to an
additional contact terminal K3. The raster-like coating 14a
has the effect of a Faraday cage and thus represents an
cllective screen while still permitting a visual inspection of
the 1nterior of the probe.

The measuring probe shown in FIG. 3 includes a refer-
ence electrode with a housing 26 whose lower end 4 1s
immersed in a measuring medium 6. The sensor chamber
105 that 1s formed by the housing 25 contains a reference
clectrolyte solution 28 1n which a silver wire with a coating
layer of silver chloride 1s immersed, serving as a second
conductor element 30. The latter passes through an upper
closure part (not shown in detail) of the sensor chamber 1056
to the outside where 1t ends 1n a reference contact terminal
K2. In the immersed area 4, the sensor chamber 105 has a
diaphragm 24 1n the shape of a circular disk, and there 1s a
refill opening (not specifically illustrated) 1n the uppermost
portion. The measuring probe has a first additional electrode
1256 as well as a second additional electrode 12¢ which are
constituted, respectively, by a first coating 145 (shown dark
shaded 1n FIG. 3) and a second coating 14¢ (shown black 1n
FIG. 3). Both of the coatings 145, 14¢ extend from the
immersed area 4 to the upper end of the probe housing 25.
The upper end of the first coating 145 1s soldered to a first
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6

additional contact terminal K3. Analogously, the second

coating 14¢ 1s soldered to a second additional contact

terminal K4.

The first coating 145 1ncludes a first lengthwise coating,
strip 34 extending from the upper part of the housing to the
immersed part 4 and continuing into an upper ring-shaped
strip 36 which has an interruption 38. The second coating
14¢ 1includes a second lengthwise coating strip 40 extending
likewise from the upper part of the housing to the immersed
part 4 and continuing into a lower ring-shaped strip 42. As
can be seen 1n FIG. 3, the two lengthwise coating strips 36,
40 extend substantially parallel to each other. The second
lengthwise coating strip 40 passes through the interruption
38 of the upper ring-shaped strip 36 to join the lower
ring-shaped strip 42. An uncoated zone 44 which 1s inter-
rupted only by the second lengthwise coating strip 40
separates the two ring-shaped strips 36, 42. Thus, as can be
seen 1n FI1G. 3, the first additional electrode 125 1s formed by
the first lengthwise coating strip 34 and the interrupted upper
ring-shaped strip 36, while the second additional electrode
12¢ 1s formed by the second lengthwise coating strip 40 and
the lower ring-shaped strip 42.

The following method has proven advantageous for pro-
ducing the coated measuring probes. The first step 1s to clean
the probe housing which consists preferably of lead-free
glass. Next, a thin adhesion-enhancing layer of titanium 1s
deposited using a sputtering technmique, with a thickness of
¢.g., about 5 to 20 nm, preferably about 10 nm. The final step
1s the application of the actual coating which functions as an
additional electrode. Good results are achieved 1n regard to
clectrochemical and mechanical properties by using, e.g.,
platinum with a coating thickness of about 200 nm. A
partially transparent coating i1s obtamned with a thinner
platinum coating of about 50 nm without any significant loss
ol other properties.

To perform potentiometric measurements, a measuring,
probe of the foregoing description 1s connected to an appro-
priate measurement converter, specifically by connecting the
different contact terminals of the measuring probe to the
measurement converter. The following operations can be
performed with the measuring probes that have been spe-
cifically described and illustrated herein:

a) Measurement of the potential between K1 and K2 (FIG.
1): measurement of the pH value;

b) Measurement of the resistance between K1 and K3 (FIG.
1): measurement of the glass membrane resistance;

¢) Measurement of the resistance between K2 and K3, or
between K2 and K4 (FIGS. 1 to 3): measurement of the
diaphragm resistance;

d) Measurement of the potential between K3 and K2 (FIGS.
1 to 3): measurement of a redox potential 1n the measuring
solution (additional electrode of platinum), or measure-
ment of a metal 1on concentration in the measuring
solution (additional electrode of corresponding metal);

¢) Setting a defined potential at K3 (FIGS. 1 to 3): setting the
measuring solution at ground potential or equalizing 1t
with another potential;

1) Resistance measurement between K3 and K4 (FIG. 3):
determiming the electrical conductivity of the measuring
solution.

What 1s claimed 1s:
1. A probe for potentiometric measurements 1n a measur-
ing solution or 1n a process solution, comprising;:
a housing formed of an electrically insulating material, an
outer portion of the housing adapted to be immersed 1n
the solution, a glass membrane located 1n the 1immers-
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ible portion and at least one hollow space of the
housing containing a half-cell element that defines a
first electrode;

at least one additional electrode, defined by an electrically
conductive coating attached to the housing adapted to
be immersed in the measuring solution, each additional
clectrode arranged on the immersible portion exclusive
of the glass membrane; and

at least one contact terminal, each contact terminal cor-
responding with and connected to one of the additional
clectrodes, each contact terminal arranged outside of
the 1mmersible portion.

2. The probe of claim 1, wherein:

cach said contact terminal 1s soldered to the correspond-
ing coating.

3. The probe of claim 2, wherein:

the coating substantially surrounds the entire housing.

4. The probe of claim 3, wherein:

the coating 1s at least partially transparent.

5. The probe of claim 4, wherein:

the electrically insulating material comprises glass.

6. The probe of claim 35, wherein:

the coating 1s applied by deposition from the gaseous
phase.

7. The probe of claim 6, wherein:

the coating comprises platinum, gold or palladium.

8. The probe of claim 7, turther comprising:

a layer for enhancing adhesion of the coating to the
housing, interposed between the coating and the hous-
ng.

9. The probe of claim 8, wheremn the adhesion layer

COmMprises:

a metal selected from the group consisting of: titanium,
chromium, molybdenum, tantalum, and tungsten.

10. The probe of claim 7, wherein:

the half-cell element 1s configured as a measuring elec-
trode.

11. The probe of claim 7, wherein:

the hali-cell element 1s configured as a reference elec-
trode.

12. The probe of claim 7, wherein:

the probe 1s configured as a single-rod measuring chain.

13. The probe of claim 12, wherein:

first and second additional electrodes are located 1n dif-
ferent areas of the immersible portion and are respec-
tively connected to first and second contact terminals.

14. The probe of claim 1, wherein:

the coating substantially surrounds the entire housing.

15. The probe of claim 1, wherein:

the coating 1s at least partially transparent.

16. The probe of claim 1, wherein:

the electrically insulating material 1s glass.

17. The probe of claim 1, wherein:

the coating 1s applied by deposition from the gaseous
phase.

18. The probe of claim 1, wherein:

the coating comprises platinum, gold or palladium.

19. The probe of claim 1, further comprising:

a layer for enhancing adhesion of the coating to the
housing, interposed between the coating and the hous-
ing.
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20. The probe of claim 1, wherein:

the half-cell element 1s configured as a measuring elec-
trode.

21. The probe of claim 1, wherein:

the half-cell element 1s configured as a reference elec-
trode.

22. The probe of claim 1, wherein:

the probe 1s configured as a single-rod measuring chain.

23. A device for performing potentiometric measure-

ments, comprising:

a measuring probe as defined in claim 1;

a measurement converter, adapted for connection to each
half-cell element of the measuring probe and to the
electrical contact terminal of each additional electrode,
the measurement converter comprising at least one of:

a means for setting a defined potential at each addi-
tional electrode; and

a means for determining a characteristic electrical
quantity between one additional electrode and
another part of the device.

24. A method for monitoring a probe for potentiometric

measurements, comprising the steps of:

providing a device for potentiometric measurements as
defined 1n claim 23; and

measuring a characteristic electrical quantity between one
additional electrode and another part of the device.

25. The method of claim 24, further comprising the step

setting a defined electrical potential at the additional
clectrode by means of the measurement converter.

26. The method of claim 24, further comprising the steps

configuring one said half-cell element as a reference
electrode, and

performing a resistance measurement between the refer-
ence electrode contact terminal and the additional elec-
trode contact terminal while the measurement con-
verter 1s connected to the respective contact terminals,
to determine the resistance of a diaphragm in the
housing.

277. The method of claim 24, further comprising the steps

configuring one said half-cell element as a measuring
electrode, and

performing a resistance measurement between the contact
terminal of said measuring electrode and the additional
clectrode contact terminal while the measurement con-
verter 1s connected to the respective contact terminals
to determine the resistance of the glass membrane of
the housing.

28. The probe of claim 1, wherein:
the glass membrane comprises pH glass.
29. The probe of claim 1, further comprising:

a diaphragm located 1n the immersible portion, exclusive
of the electrically conductive coating.
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